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METHOD OF REMOVING SUSPENDED AND COLLOIDAL 
SOLIDS FROM COPPER LEACHING SOLUTION 



FIELD OF THE INVENTION 
The present invention relates generally to a leaching i 
process and specifically to a leaching process in which the 
pregnant leach solution is subjected to ultra or 
microf iltration . 

I. THE PROBLEM 

The present invention generally relates to the removal 
of copper ions from copper ore, and more particularly to 
enhanced removal of copper ions using a microf iltration or 
ultrafiltration membrane process to remove suspended solids 
from copper pregnant leach solution. This process improves 
the copper recovery process through more efficient copper 
extraction and lower operating costs. 

The techniques used to remove copper from raw ore 
determine the overall efficiency of the copper mining 
operation. Hydrometallurgical copper mining operations 
using a leaching system and a copper extraction plant, such 
as a solvent extraction/electrowinning (SX/EW) plant, are 
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now accepted processes in the copper mining industry. 
Currently, electrowon copper accounts for about 30% of total 
U.S. copper production. Worldwide, there are more than 26 
major heap, dump, or in-situ leaching operations using 
SX/EW, with a total capacity of .800,000 tons of copper 
annually. The industry trend continues towards this 
technology as higher-grade ores are depleted and smelting 
costs increase. other advantages of this technology, such 
as the ability to process low-grade ores, low labor 
requirements, ease of operation in remote areas, and low 
operating costs, make it attractive to mining companies. 

"Copper hydrometallurgy, in which copper ions are 
reached or otherwise extracted from raw ore using liquid 
chemical agents, has been of interest since as early as the 
17th century when copper recovery methods involving iron 
precipitating agents from sulfuric acid based copper 
solutions were tested. The hydrometallurgical circuit 
consists of copper leaching and copper recovery. 

First, a copper leaching agent, "lixiviant", is 
selected for use in leaching copper ions from copper ore. 
Representative lixiviants include but are not limited to 
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sulfuric acid (H^SOJ , a combination of H2SO4 and ferric 
sulfate, Fe2 (304)3 (primarily for sulfide containing ore 
materials), acidic chloride solutions (e.g. ferric chloride, 
FeCIa) or cupric chloride, CuCI) , nitrate solutions, 
ammonia, and ammonium salt compositions. Sulfuric acid is 
by far the most common lixiviant. The lixiviant is applied 
to the ore (which is stacked or piled in a large heap or 
dump) via a sprinkler type system and allowed to percolate 
downwardly into the ore. As a result, copper ions are 
leached from the ore and collected within the lixiviant to 
generate a lixiviant product that consists of a copper ion 
concentration (also known as " pregnant leach solution") . 
The lixiviant exits the bottom of the ore and is collected. 
Further information regarding the lixiviant leaching process 
is disclosed in U.S. Patent No. 5,476,591 to Green et al . , 
which is incorporated herein by reference . 

Next, a copper recovery process is used to selectively 
extract copper from the collected lixiviant. Representative 
copper recovery processes include but are not limited to 
solvent extraction/electrowin (SX/EW) , direct 
electrowinning, ion exchange - elect rowin (IX/EW) , and iron 
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precipitation. Solvent extraction/electrowin is presently 
the most common copper recovery process. SX/EW technology 
was implemented in the 1960 »s with the development of 
special organic extractants for copper. The SX/EW process 
consists of three closed solution loops. In the first loop, 
the acid leach solution containing valuable copper ions and 
a multitude of other metal ions is fed into a mixer/settler 
tank where it is contacted with a copper-extracting organic 
liquid, commonly referred to as "lix". The "lix" 
preferentially extracts from 70 to 90% of the copper ions 
from the acid leaching feed solution. The second closed 
loop extraction step involves contacting the loaded organic 
\with an electrolyte stream from the electrowinning process. 
The copper ions are transferred from the organic solution or 
"lix" to the lean electrolyte. In the third and final 
closed loop, the rich electrolyte flows between a cathode 
plate and an insoluble anode, where 70 - 90% of the copper 
is removed through * plating." The electrochemical cell 
"plates" a stainless steel electrode with copper using an 
applied current. The copper plated cathode plates are then 
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periodically removed from the process to obtain the solid, 
high purity copper product. 

The copper leaching - copper recovery process must be 
improved to overcome inherent problems such as copper 
extraction inefficiencies due to the. presence of suspended 
solids. Suspended solids and colloidal solids enter the 
copper extraction process (typically SX/EW) with the 
pregnant leach solution 18, and remain and buildup in the 
copper extraction process. Typical suspended solids 
concentrations in the pregnant leach solution 18 range from 
1-50 mg/L. During rain or storm events when the leach 
solution collection reservoir bottoms are stirred-up and 
rain carries suspended solids into the leach solution 
collection reservoirs, suspended solids levels can double or 
triple for a short period of time (1 -3 days) . 

The suspended solids which enter the copper recovery 
process with the pregnant leach solution 18 have adverse 
effects on the copper recovery process. For example, 
suspended solids can plug copper ion exchange resin beds 
used in the IX/EW process. Suspended solids can also become 
entrained in the organic used in the SX/EW process . This 
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entrainment of suspended solids leads to formation of '"crud" 
at the phase interface of the pregnant leach solution 18 and 
organic copper extractant solution. The crud, an emulsion 
of organic, pregnant leach solution 18, and suspended ' 
solids, adversely affects aqueous - organic phase separation 
and copper extraction efficiency. Carryover of entrained 
suspended solids and organic into the rich electrolyte 
stream causes contamination of the electrowinning process 
and affects copper product quality. Carryover of entrained 
suspended solids and associated organic into the lean 
leaching solution, **raf f inate" , results in the loss of large 
amounts of expensive organic. 

The present invention specifically provides an improved 
method for copper recovery in which the suspended and 
colloidal solids are removed from the copper leach solution, 
leaving a cleaner pregnant leach solution 18 for copper 
extraction with organic lixiviants or copper ion exchange 
resin beds. Accordingly, the invention represents an 
advance in the art of copper mining technology, as described 
in detail herein. Removal of colloidal solids from the PLS 
increases the copper loading efficiency onto the organic 
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lixiviant. Removal of colloidal solids from the PLS 
increases the copper/iron loading selectivity ratio of the 
organic 1 ixi viant . 

SUMMARY OF THE INVENTION 
These and other needs are addressed by the metal 
recovery process of the present invention. The metal 
recovery process includes the steps of : 

(a) contacting a leach solution with a metal- 
containing material to form a pregnant leach solution 
containing at least a portion of the metal and suspended 
solids ; 

(b) filtering the pregnant leach solution with a 
filter to form a permeate containing at least most of the 
metal in the pregnant leach solution and a concentrate 
containing at least most of the suspended solids in the 
pregnant leach solution; and 

(c) recovering the metal from the permeate. 

A variety of metals can be recovered by this process. 
Most preferred metals are selected from the group consisting 
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Of copper, nickel, zinc, cobalt, uranium and mixtures 
thereof . 

The solids are relatively finely sized and therefore 
capable of being entrained in the pregnant leach solution.' 
commonly, the solids have a size of no more than about 1 
micron and the colloids of no more than about .45 microns. 

Filtration can be performed using a variety of 
microfiltration or ultrafiltration membranes. Preferably, 
the filter has a pore size ranging from about .003 microns 
to about .1 micron and more preferably from about .01 to 
about .05 microns. 

Filtration is conducted such that most of the pregnant 
leach solution is contained in the permeate. The 
concentrate preferably comprises no more than about 20% of 
the pregnant leach solution and more preferably no more than 
about 5% of the pregnant leach solution. In contrast, the 
permeate preferably comprises at least about 80% of the 
pregnant leach solution and more preferably at least about 
95% of the pregnant leach solution. In this manner, at 
least about 80% of the metal in the pregnant leach solution 
is contained in the permeate and no more than about 20% of 
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the metal in the pregnant leach solution is contained in the 
concentrate . 

Filtration removes substantially all of the suspended 
solids and colloids from the permeate and places them in the 
concentrate. Preferably, the permeate is substantially free 
of suspended solids and more preferably comprises no more 
than about 1% of the suspended solids. In contrast, the 
concentrate preferably comprises at least about 95% and more 
preferably at least about 99% of the suspended solids in the 
pregnant leach solution. 

A filter having a smaller filter size can further 
concentrate the metal in the permeate. The filter is 
preferably a nanofilter having a pore size ranging from 
about 8 to about 100 angstroms. Preferably, the 
concentration of the metal in the further concentrated 
permeate is at least about 150% and more preferably at least 
about 200% of the metal concentration in the permeate. 
Filtration is discussed in detail in U.S. Patents 5,116,511; 
5,310,486; and 5,476,591, which are incorporated herein by 
reference fully in their entireties. 
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The concentrate can be recycled to step (a) for further 
leaching of the metal -containing material. 

BRIEF DESCRIPTION OF. THE DRAWINGS 
Fig. 1 is a flow schematic of a preferred embodiment 
according to the present invention. 

DETAILED DESCRIPTION 
The process improvements claimed in the present 
invention will result from utilizing a microf iltration or 
ultrafiltration membrane system to process the pregnant 
leach solution. As described above and shown in Figure 1, a 
strong leach solution 10, such as a sulfuric acid solution, 
passes downwardly through a heap or dump 14 of low-grade 
copper ore and a pregnant leach solution 18 is produced 
which contains remaining amounts of acid in combination with 
metal ions. In addition, the sulfuric acid, metal - ion 
pregnant leach solution 18 contains suspended solids and 
colloidal solids from the ore heap or dump 14. The pregnant 
leach splution 18 is collected from the bottom of the ore 
heap or dump 14, and passed through a membrane filtration 
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system 22 to remove suspended solids and colloids from the 
pregnant leach solution 18. The membrane system separates 
the pregnant leach solution 18 into two streams: permeate 26 
and concentrate 30. The concentrate 30 stream includes 
substantially all of the suspended solids and colloidal 
solids in the pregnant leach solution 18. The permeate 26 is 
free of suspended solids and colloidal solids. However, 
sulfuric acid and metal ions in the pregnant leach solution 
18 are not separated by the microf iltration or 
ultrafiltration membranes, and they remain equally in the 
concentrate and permeate, streams . 

The permeate 26 may be sent directly to the SX/EW plant 
34 (or, alternatively, an IX/EW plant) for copper recovery. 
It may also be sent to a nanof iltration system (not shown) 
for copper ion concentration, followed by processing through 
the copper recovery plant 34 . 

The concentrate 30 may be sent to a settling pond (not 
shown) for deposition of the - suspended solids, followed by 
processing through a nanof iltration membrane system (not 
shown) , and, eventually, a copper recovery system. The 
concentrate stream may also be returned to the ore heap or 
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du.p, where many of the suspended solids will be filtered 
out as the liquid works its way down through the heap. 

Presently, most copper mining operations are not 
treating the pregnant leach solution to remove suspended ' 
solids. During periods of high suspended solids in the 
pregnant leach solution (such as rain or storm events), the 
SX/EW or copper recovery plants are shut down until the 
event is over and the suspended solids return to normal 
levels. The cost of shutting down during a storm event' 
(lost production) was estimated at $1.5 million dollars per 
day a one copper mining facility. with five to ten storm 
events per year in even dry or desert climates, the ability 
to filter out suspended solids and avoid process shut-downs 
has significant economic value. 

Many copper mines eventually try to remove accumulated 
suspended solids by treating the rich electrolyte. At this 
point, the suspended solids have formed an emulsion called 
"crud", a mixture of suspended solids, organic, and 
electrolyte. The collected "crud" may be processed by 
decantation, centrifuging, or coarse filtration in an 
attempt to recover the expensive organic and remove the 
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suspended solids. However, these processes may be replaced 
or their operating costs significantly lowered with 
suspended solids removal from the pregnant leach solution 
18. Significant operating costs and organic losses could be 
avoided by removing suspended solids from the pregnant leach 
solution, before the solids can make their way through the 
copper recovery process to the rich electrolyte. 

The membrane system in question would process 100 - 
20,000 gallons per minute of pregnant leach solution 18, 
with 80-95% of the feed flow becoming permeate product. 
Typical microfiltration and ultrafiltration membranes used 
would be E, Q, G, J, K, DL, and DS-7 series elements from 
Osmonics/Desal of Vista, CA. These spiral wound elements 
use polysulfone, poly acrylonitrile, PTFE (Teflon) , PVDF, 
and/or polyarimid membrane materials. The described 
membranes span the microf iltration/ultraf iltration membrane 
category, with molecular weight cut-offs of 5,000 to 1 
00,000 MWCO and pore sizes from about 0.003 microns to 0 . 1 



micron 



A typical system would process 1,000 gpm of pregnant 
leach solution through 348 each 8 inch spiral wound Q 
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membrane elements. The system would split the feed flow 
into 900 gpm of permeate and 100 gpm of concentrate. The 
concentrate would be sent to a settling pond, with an 
overflow to the SX/EW system, or returned to the ore dumps. 
The permeate, containing no suspended and colloidal solids, 
would be sent directly to the SX/EW plant, or processed 
through a nanof iltration membrane system and then sent to 
the SX/EW plant. 
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What Is claimed is: 



1. A method for recovering metal from a metal - 
containing material, comprising: 

(a) contacting a leach solution with the metal- 
containing material to form a pregnant leach solution 
containing at least a portion of the metal and suspended 
solids; 

(b) filtering the pregnant leach solution with an 
ultra- or microf iltration to form a permeate containing at 
least most of the metal in the pregnant leach solution and a 
concentrate containing at least most of the suspended solids 
in the pregnant leach solution; and 

(c) recovering the metal from the permeate. 

2. The method of Claim 1, wherein the metal is 
selected from the group consisting of copper, nickel, zinc, 
uranium and mixtures thereof. 

3. The method of Claim 1, wherein the nanofilter has 
a pore size ranging from about .003 to about .1 microns. 
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4. The method of Claim 1, wherein the concentrate 
comprises no more than about 20% of the pregnant leach 
solution. 

5. The method of Claim 1, wherein the permeate 
comprises at least about 80% of the pregnant leach solution, 

6. The method of Claim 1, wherein the permeate is 
substantially free of suspended solids. 

7. The method of Claim 1, wherein the permeate 
comprises no more than about 10% of the suspended solids 
contained in the PLS. 

8. The method of Claim 1, wherein the concentrate 
comprises at least about 90% of the suspended solids in the 
pregnant leach solution. 

9. The method of Claim i, wherein the permeate 
comprises at least about 80% of the metal in the pregnant 
leach solution. 
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10. The method of Claim 1, wherein the recovering step 
comprises filtering the permeate with an ultra- or 
microfiltration to form a filtered permeate comprising at 

I 

least most of the metal in the permeate. 

11. The method of Claim 1, further comprising: 
(d) contacting the concentrate with the metal- 
containing material . 



12. The method of Claim 1, further comprising: 

(d) filtering the permeate using a nanofilter to form 

a filtered concentrate containing at least most of the metal 

in the concentrate. 
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ABSTRACT 

A treatment system for removing suspended and colloidal 
solids from a copper leaching solution, a suspended solids, 
colloidal solids, and metal-ion containing liquid, i.e. 
"pregnant leach solution 18" from a copper leaching process, 
is passed through a microf iltration or ultrafiltration 
membrane system to produce a concentrate rich in suspended 
and colloidal solids and a permeate free of suspended solids 
and colloidal solids. The permeate may be sent directly to 
a copper recovery process for enhanced recovery of copper, 
or the permeate may be sent to a nanof iltration membrane 
process for copper concentration. The concentrate is 
returned to the top of the ore heap or dump for additional 
leaching, or it is sent to a settling pond for deposition of 
the suspended solids. This process removes suspended and 
colloidal solids from the copper leaching solution before 
they can enter the copper recovery plant. The result of 
this membrane filtration of the copper leaching solution is 
enhanced copper recovery with lower operating costs. 
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OF RECORD, FILE LETTER IN THE FILE. JACKET. 
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REQUEST FOR ACCESS OF ABANDONED APPUCATION UNDER 37 CFR 1.14(a) 



JUL I 4 ^<«" 



Fn re Appucatwn ct 


Appocaucn Numcar 


hi'.ea 


Gfouo An cn.t 


^'7 



racsr No. 



Assistant Ccmmrssioner for Patents 
Washlngicn, DC 10221 



.es under 37 Crn 1.14(a)(2)av) to ins arz.cc.cn r.ccrc c: l^:e accve^ 



Idenafiea . 



I hereby reauest accsss under . - ^j..~< CNF- 

ABANDONED appiics-jcn. whicr. IS. (CM — .-^ 

US'"* 



cc:urr.n 



^ (A) refefred to in Unrted Slates Fatem Numoer r>i f.^Uf^ . 

(B) refemjd to in an sppScsson ttst is o=en to public :ns==-cu=r. ss sst^-^. > 

AppScation No. - — * 

paosr nurnter - 

. -^-^ sr. c=:::=2r=r. --.h: is c::sn to p'jc:: 

(C/ an aopJicaucn lha: ciairrs i.«e — ^-^ — — ' 

Insoeaicn. i.e.. Appncaucn No ■ • 

_ (0) an aopiicauon in whicf: tne ac^ican: nas Hlec an Hu:rcrz::.=n 
appiicaucn to me put:l:c. 



or 



Please drect 2ny c 



c.-resccr.cer.cs ccrcem:ng this rec 



